Abstract. The aim of this study was to reveal whether there was non-randomness in the occurrence of metastasis and, if the nonrandomness was denied, whether there were specific metastatic patterns in lung cancer patients. Patients who presented with pathologically diagnosed lung cancer between January 1986 and March 2009 at our hospitals were included. A statistical method and conditional probability analysis were used to analyze the data. Under the condition of one metastatic organ A (lung, bone, brain, liver or adrenal gland; the 5 most common metastatic organs), we determined the conditional probability of distant metastasis to a specific organ B, which was written as P(B⎪A), and compared it with the probability of distant metastasis P(B). The study group consisted of 1,994 patients. Of the 1,994 patients, 839 (42.1%) had distant metastases at the time of the initial diagnosis of lung cancer. With the exception of the comparisons between P(lung) and P(lung⎪adrenal gland) and between P(adrenal gland) and P(adrenal gland⎪lung), there were statistically significant differences between P(B⎪A) and P(B) in the 5 metastatic organs. In addition, P(B⎪A) and P(C⎪B⎪A) varied according to each organ and P(confined to A), P(confined to A and B) and P(confined to A, B and C) were different in each metastatic organ. In lung cancer patients, distant metastasis occurred non-randomly and there may be certain specific patterns of distant metastasis. The accumulation of knowledge of specific patterns of metastasis may aid the approach to individualized treatments.
Introduction
In patients with lung cancer, distant metastatic disease is generally considered a contra-indication to resection of the primary tumor (1) . Knowledge of the sites of metastatic disease and the frequency with which metastasis occurs at presentation may be used to design appropriate algorithms for the pretreatment imaging work-up and to provide the most suitable treatment. Previously, there was a large-scale study of the metastatic patterns of adenocarcinoma cases, but the study dealt only with autopsy records (2) . Previous studies on autopsied patients have led to several dominant conflicting theories to explain the distribution of metastases (3) (4) (5) . The mechanical theory, proposed by Ewing, states that the distribution of tumor metastases is explained entirely on the basis of blood flow patterns (3). However, blood flow patterns do not aid the prediction of the distant metastases (4) . By contrast, the ʻsoil-seedʼ hypothesis, as originally proposed by Paget in 1889, states that the distribution of tumor metastases can be explained on the basis of favorable microenvironments in certain organs (5) . Paget suggested that there was more to the patterns of metastasis than factors that involved blood flow (5) . Data from autopsy studies may reflect metastatic lesions that, clinically, are not readily detectable and are not relevant in terms of patient management (6) . The study of the metastatic behavior of malignant tumors may be complex due to the variation among individual patients. A robust understanding of metastatic patterns is of interest to clinical case management and is also significant for the field of cancer biology (7) . There have been attempts to evaluate metastatic patterns, focusing largely on the use of statistical methods including cluster analysis and recursive partitioning analysis (8) (9) (10) . Metastatic patterns in diseases including prostate cancer, ovarian cancer and neuroblastic tumors have been studied (8, 9) ; however, there have been few studies on the metastatic patterns in lung cancer (10) (11) (12) .
In the present study, we analyzed the metastatic patterns of lung cancer cases using conditional probability, which is the probability of one event, given the occurrence of another event (13, 14) . This statistical method is popular, but has not been used in the analysis of distant metastases. The purpose of this study was to reveal whether there was non-randomness (statistical independence) of the site in the occurrence of metastasis and whether there were specific metastatic patterns in patients with lung cancer if the non-randomness was denied.
Application of conditional probability analysis to distant metastases from lung cancer Patients and methods

Patients.
Patients who presented with pathologically diagnosed lung cancer between January 1986 and March 2009 at the University of Tsukuba Hospital and the Tsukuba Medical Center, Japan, were identified retrospectively via computerized searches of tumor registry data. In the process of abstracting the medical records, information from diagnostic imaging, including chest CT, brain MRI or enhanced head CT, bone scan and ultrasonograpy and/or CT of the abdomen, was used to identify the location of metastatic tumors. We recorded data regarding the 5 most common metastatic sites: lung, bone, brain, liver and adrenal gland. In this study, lung metastasis was defined as separate additional nodules in a different ipsilateral lobe and additional nodules in the contralateral lung, and additional nodules in other ipsilateral lobes. However, separate nodules in the primary lobe were not included, in accordance with the seventh edition of TNM classification (15) . This study was approved by the institutional ethics committee of the University of Tsukuba Hospital.
Statistical analysis.
We conducted a conditional probability analysis to test for the non-randomness of distant metastasis (13, 14) . In brief, given the occurrence of an event A, conditional probability is the probability of another event B and is written P(B⎪A). The probability of distant metastasis to a specific organ, for example the lung or the brain, is written P(lung) and P(brain) in this study. Under the condition of a metastatic site A, the conditional probability of distant metastasis to another specific site B (e.g,. lung and brain) is written P(B⎪A). For example, the conditional probability of distant metastasis to the brain under the condition of another metastatic site in bone is written P(brain⎪bone). Events A and B are statistically independent or just independent if P(A⎪B)=P(B) [or equivalently if P(B⎪A)=P(A)].
We also used conditional probability analysis to evaluate metastatic patterns. Each of the conditional probabilities of the 5 most common metastatic sites were analyzed and revealed results for 3 of the most common metastatic sites, including P(lung⎪(brain ∩ liver).
Statistical significance between the two groups was determined by the Chi-square test. The statistical analyses were performed using SAS 9.1.3 (SAS Institute Japan), R 2.8.1 software (16). P<0.05 was considered to indicate a statistically significant result. Table I) .
Results
Patient characteristics.
Comparisons of the probability of metastasis to one organ in each histopathological type. Table II shows the comparisons of the probability of metastasis to one organ in each histopathological type of lung cancer. In patients with adenocarcinoma, P(lung) was the highest and P(lung) was higher in adenocarcinoma than in SCLC and squamous cell carcinoma. In SCLC, P(bone) was the highest, and it was notable that P(liver) was higher in SCLC than in adenocarcinoma and squamous cell carcinoma. In squamous cell carcinoma, P(lung) was the highest; however, P(bone) and P(brain) in squamous cell carcinoma were lower than in adenocarcinoma and SCLC.
Comparison of the probability of distant metastasis and the conditional probability of metastasis to 5 of the most common metastatic sites. Table III shows the comparison of the probability of distant metastasis and the conditional probability of metastasis to five of the most common metastatic sites. With the exception of the comparisons between P(lung) and P(lung⎪adrenal gland) and between P(adrenal gland) and P(adrenal gland⎪lung), there were statistically significant differences between the probability of distant metastasis and the conditional probability of metastasis to each metastatic site. In particular, P(bone⎪liver), P(brain⎪adrenal gland), P(liver⎪bone) and P(liver⎪adrenal gland), and P(adrenal gland⎪liver) and P(adrenal gland⎪brain) were 3 times higher than P(bone), P(brain), P(liver) and P(adrenal gland), respectively.
Probability of metastasis confined to one organ. Table IV shows the probability of metastasis confined to only one organ. Of the 368 patients with lung metastasis, 199 (54.1%) had metastasis confined to the lung. Similarly, 110 of 327 patients (33.6%) with bone metastasis and 89 of 248 patients (35.9%) with brain metastasis had the metastasis confined to the metastatic organ concerned. However, 28 of 142 patients (19.7%) with liver metastasis and 19 of 111 patients (17.1%) with adrenal gland metastasis had metastases in organs other than the liver and adrenal gland, respectively. There were statistically significant differences in the ratio between the two groups of organs (p=0.001). Table IV also shows the probability of metastasis confined to only two organs. Lung and bone [P(confined to lung and brain)=37.8%] and brain and bone
[P(confined to brain and bone)=32.6%] had the highest probability of metastasis confined to only those two organs.
Progression of metastasis from bone to a second and third organ. Table V shows the conditional probabilities P(B⎪A) and P(C⎪B⎪A) and the percentage of patients who had metastasis confined to only the three organs concerned, when bone was organ A. Comparison of the probability of metastasis to one organ in histopathological types of lung cancer. Lu, lung; Bo, bone; Br, brain; Li, liver; Ad, adrenal gland; CI, confidence interval. P-value is the result of the test of equality between the probability in the first column from the left and each of the successive conditional probabilities from the second to fifth columns using the Chi-square test. The fraction beside probability P(A) in the first column from the left shows the estimation of its proportion by the division of the number of patients with metastasis to organ A by total patients, and the fractions beside conditional probability P(B|A) show the estimation of the probability of metastasis to organ B conditioned on the metastasis to organ A patients, P(A⎪B)/P(A).
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probability was observed if there were metastases to the bone and two other organs. We also performed the same analyses with the lung and the brain as organ A (data not shown). These results revealed that P(B⎪A) and P(C⎪B⎪A) were different when organ A was different. This suggests that there were certain specific patterns of distant metastasis in lung cancer patients. Number of patients with metastasis confined to organ A only/number of patients with metastasis to organ A. b Number of patients with metastasis confined to organs A and B only/number of patients with metastasis to organs A and B. CI, confidence interval. (17, 18) . The most common sites of metastasis encountered in pretreatment evaluations are the lung, bone, brain, liver and adrenal gland (19) (20) (21) (22) . Increased knowledge of what determines the metastatic potential of lung cancer may be used to aid selection of the most appropriate treatment. Clinical and histological variables are not sufficient to fully explain all the differences in metastatic potential and subsequent progression and, accordingly, increased information on the biological characteristics of the tumors is also needed. There are few studies in the literature that provide detailed data on the metastatic patterns of lung cancers (10) (11) (12) . There have been attempts to evaluate metastatic patterns, focusing largely on the use of biological methods (7, 23) . Using conditional probability analysis, which is one of the most common mathematical methods but a novel analytical method in the area of clinical study, we evaluated the metastatic patterns of lung cancer and found three significant points. Firstly, we compared P(B⎪A) with P(B) and found that there were statistically significant differences between them in the 5 metastatic organs, with the exception of the comparisons between P(lung) and P(lung⎪adrenal gland) and between P(adrenal gland) and P(adrenal gland⎪lung). This finding indicated that distant metastasis occurred non-randomly. The exceptions may be due to the small number of cases of adrenal gland metastasis. At presentation, metastasis appeared not to affect distant organs at random in most of the lung cancer patients, although dissemination to the whole body was occasionally observed at the time of autopsy. Secondly, there were certain specific patterns of distant metastasis in lung cancer patients. The exact analysis of the metastatic patterns in lung cancer may contribute to our understanding of the natural history of this malignant tumor. Additionally, knowledge of the natural history of lung cancer may aid the prediction of survival, establishment of follow-up schedules and guidance of treatment. An improved understanding of the factors affecting metastasis may lead to new insights into the requirements for tumor growth and direct the development of new diagnostic approaches and therapeutic agents. Thirdly, the present study revealed that the probability of metastasis confined to one or two organs varied according to each organ. The probability that metastasis was confined to one organ was high in the lungs (54.1%), bone (33.6%) and brain (35.9%). However, the probability of metastasis was low in the liver (19.7%) and adrenal gland (17.1%). Additionally, lung and bone (37.8%) and brain and bone (32.6%) were two organs that had the highest probability of metastasis confined to only those two organs.
Although this study has produced some novel information, there were certain limitations. Firstly, there was no pathological confirmation of distant metastases and determining the location of distant metastases depended on the imaging diagnostic methods. Secondly, although our study included the consecutive patients with pathologically proven lung cancer, our patient base did not reflect the overall patient population in the community. Thirdly, this was a retrospective analysis of only metastatic data from the time of the initial diagnosis of lung cancer and there was no evaluation of metastases which developed during the clinical course of the disease. It was thought that the results may be different if we considered data of the metastases that developed during their clinical courses. However, the type of diagnostic imaging techniques carried out and the intervals at which they were performed may become a problem. Lastly, the accumulation period of this study was long, therefore lung cancer patients from the 1980s were included. As there has been progress in diagnostic imaging techniques since this period, the precision of the techniques may be different among patients from this period and this may influence the results. Therefore, we assume that knowledge of metastatic patterns may be updated further in the future by the development of new imaging techniques, for example fluoro-2-deoxy-d-glucose positron emission tomography.
Distant metastasis may occur non-randomly and there were certain specific patterns of distant metastasis in lung cancer patients. The patterns of metastasis, which were revealed by statistical analysis, suggest that there is a mechanism which involves more than the ʻmechanical theoryʼ (3) and ʻsoil-seed hypothesisʼ (5) in the progression of distant metastases from a biological perspective. The accumulation of knowledge of specific patterns of metastasis may aid the approach to individual treatment.
